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In his original Essay on the Shaking Palsy James Parkinson 1 emphasised rest tremor as the characteristic tremor of Parkinson's disease. He described the tremor as "Involuntary tremulous motion, with lessened voluntary muscular power, in parts, not in action, and even supported ... that agitation continues in full force whilst the limb is at rest and unemployed; and even is sometimes diminished by calling the muscles into employment." Parkinson 1 and later Charcot 2 clearly diVerentiated between the typical rest tremor of Parkinson's disease and the postural tremor of essential tremor. Gowers, 3 however, noted that the two types of tremor may overlap and that "some cases are met with a character intermediate between the two aVections". Gelma 4 also recognised an "intermediate" form of tremor which he considered to represent an overlap between Parkinson's disease and essential tremor.
Rest tremor is a well recognised cardinal feature of Parkinson's disease, but many patients have a postural tremor that is more prominent and disabling than the classic rest tremor. Postural tremor without parkinsonian features and without any other known aetiology is often diagnosed as essential tremor, but isolated postural tremor may be the initial presentation of Parkinson's disease, and it may be found with higher than expected frequency in relatives of patients with Parkinson's disease. 5 Although some authors have claimed that "clinically and electrophysiologically, the postural tremors of essential tremor and Parkinson's disease are indistinguishable", 6 we present evidence that the two forms of postural tremor can be diVerentiated both clinically and physiologically.
We have found that the postural tremor in patients with essential tremor usually occurs as soon as the limb assumes a horizontal posture, whereas in some patients with Parkinson's disease, the postural tremor emerges after a variable latency during which time no observable postural tremor is present. It is this latency that, we think, diVerentiates the postural tremor associated with Parkinson's disease from the postural tremor of essential tremor. The primary objective of this study was to characterise this re-emergent tremor of Parkinson's disease and to determine which clinical and physiological variables diVerentiate this tremor from the typical rest tremor of Parkinson's disease and the postural tremor of essential tremor. Disorders Clinic, Baylor College of Medicine. The postural tremor was evident during maintenance of an antigravity posture. The diagnosis of Parkinson's disease was based on the finding of at least three of the four cardinal signs: rest tremor, bradykinesia, rigidity, and postural instability. Patients with essential tremor met the diagnostic criteria for "definite" essential tremor formulated by the Tremor Research and Investigation Group (TRIG) 7 : bilateral postural tremor involving hands or forearms, which was visible and persistent, lasting longer than 5 years, and without any other apparent cause of tremor. For the purposes of this study, re-emergent tremor is defined as a tremor which occurs after a finite period (latency) from the time the subject assumes horizontal posture of the arm to the onset of the wrist and/or finger tremor.
Methods

Consecutive patients with
The patient is comfortably seated in a chair and the upper limb most severely aVected by postural tremor, as determined by clinical observation and patient history, is selected for the recording. A piezoresistive accelerometer, with a band width from 0-250 Hz, weighing about 5 g is attached to the dorsal surface of the hand above the distal head of the third metacarpal with a velcro band firmly encircling the hand at the level of the distal metacarpal heads of digits two through five. The axis of sensitivity of the accelerometer is oriented so that it is perpendicular to the dorsal surface of the hand. The signal is amplified, AC coupling its output to remove a DC shift proportional to the accelerometer's position relative to the earth's gravitational axis. Amplified outputs are linearly scaled so that a 5 V output represents a 1 g acceleration . The amplified accelerometer signal is recorded using a Tektronix THS710 digital storage oscilloscope. Each sample is digitised as a 2500 point, 8 bit waveform per channel. The data, scaled for oscilloscope gain coeYcients, is transferred to a windows NT computer using a serial RS232 interface. The peak frequency was computed using power spectral density (PSD) calculations, reporting the peak frequency as well as the amplitude at this peak frequency (g 2 ). Additionally, root mean square (RMS) amplitude, the mean value of the square root of the square value which is equivalent of the mean value of the waveform after rectification, of the 50 second epoch is computed.
The upper limb tremor is recorded in three positions, each held for a 50 second interval:
(1) at rest: forearm supported on an chair arm rest and the hand unsupported; (2) postural: arm held in an outstretched, horizontal, prone position; (3) wing beating: arm held in a horizontal position the palms down, shoulders abducted, and elbow flexed, about 1 inch in front of the tip of the nose. To measure the latency, after resting arms on their thighs in a seated position for at least 1 minute, the patients are instructed to raise their arms up to the outstretched position and to maintain the posture for at least 50 seconds. In the process of assuming this new position the hand momentarily interrupts a light beam which is pointed at a photocell detector that is positioned at the patient's shoulder level. The photocell output is simultaneously recorded as a second channel. The instant (the leading edge of the pulse) the patient breaks the beam (at the horizontal position), marked by a pulse artifact, indicates the start of the newly achieved horizontal position and is considered the start of the latency time interval. The latency of onset of tremor is measured as the time interval between the leading edge of the pulse and the onset of tremor exceeding the amplitude of the resting limb activity.
Comparisons between the three populations were performed using F test and paired t test as well as Pearson's 2 analyses (where indicated). Significance levels of comparisons are indicated as p<0.05.
Results
There were 45 patients categorised as either essential tremor (n=20), Parkinson's disease (n=18), or essential tremor/Parkinson's disease (n=7). Their ages were similar (mean 66.9, 63.2, and 68.7 years, respectively), but the patients with essential tremor had symptoms on the average 15 years longer than those with Parkinson's disease. By contrast with patients with essential tremor, who had no observable latency, except for one patient whose latency was 1.29 seconds, five of seven patients with essential tremor/Parkinson's disease (p<0.005) and 12 of 18 patients with Parkinson's disease (p<0.0005) had re-emergent tremor after a well defined latency (figure) (table). When patients without re-emergent tremor were excluded, the mean latency (SD) for patients with essential tremor/Parkinson's disease was 6.57 (8.23) seconds (range: 1.35-23.0), and for those with Parkinson's disease alone the mean latency increased to 9.37 (10.66) seconds (range: 1.0-47.0). The mean frequency (SD) of rest tremor in patients with Parkinson's disease (4.91 (1.32) Hz, range: 3.76-9.1) was similar to that of re-emergent tremor (5.47 (1.24) Hz, range: 4.1-9.6). Except for the expected absence of rest tremor in patients with essential tremor, there was no diVerence in the amplitude of the rest and wing beating tremors in the three groups of patients as measured by acceleration at peak frequency (g 2 ) and RMS (g). Postural tremor with arms outstretched, however, had a higher amplitude in patients with essential tremor/Parkinson's disease and in Parkinson's disease compared with essential tremor alone (table). There was no correlation between severity of parkinsonian findings, as measured by the unified Parkin- son's disease rating scale (UPDRS), 8 and the occurrence of re-emergent tremor.
Discussion
In this study of 18 patients with Parkinson's disease, 20 with essential tremor, and seven with essential tremor/Parkinson's disease we found that 12 (67%) patients with Parkinson's disease and only 5% of those with essential tremor had postural tremor that occurred after a significant delay. The mean latency of 10 seconds (up to 47 seconds) for the re-emergent tremor was significantly longer than that for the postural tremor of essential tremor (p<0.0005); the latency for the re-emergent tremor in patients with essential tremor/ Parkinson's disease was intermediate. The mean tremor frequency, 5.5 Hz, was similar for the rest and postural tremors of Parkinson's disease suggesting that the two types of tremors were generated by the same central oscillator.
Tremors have been divided traditionally into rest and action (postural and kinetic) tremors. Rest tremor, one of the cardinal features of Parkinson's disease, is present sometime during the course of the disease in 68%-100% of pathologically proved cases of the disease. 9 10 Some patients, however, exhibit isolated postural tremor as the initial or predominant manifestation of Parkinson's disease. The mechanism of this postural tremor is unknown, but striatal 18 F-dopa uptake, measured by PET, is decreased in some patients with this isolated postural tremor, thus suggesting that it may be related to nigrostriatal dopamine deficiency. 6 11 Nigrostriatal dopamine deficiency has been postulated to underlie the typical Parkinson's disease rest tremor, but there is little or no correlation between rest tremor and striatal 18 F-dopa uptake in patients with Parkinson's disease. 12 Because rest tremor is considered the typical parkinsonian tremor, most studies of tremor in Parkinson's disease have focused primarily on this tremor type and relatively little attention has been paid to the parkinsonian action tremor. It is the action tremor, however, that is often more troublesome for the patient. By contrast with rest tremor, which may produce a social handicap, the action tremors associated with Parkinson's disease correlate directly with motor disability 13 and contribute to weakness and bradykinesia.
14 Although sometimes referred to as "atypical" tremor, 15 we think that re-emergent tremor is a characteristic, but often unrecognised, parkinsonian tremor.
The mechanisms of postural tremors in Parkinson's disease are not well understood and previous physiological studies have provided conflicting findings. Lance et al 16 reported a 7-12 Hz "action tremor" during muscle contraction in 23 of 40 patients with Parkinson's disease, some of whom did not have rest tremor. They diVerentiated this "action" tremor from rest tremor on the basis of frequency and mode of onset (muscle relaxation v muscle contraction). They also noted a minority of patients with "marked resting tremor which persisted during contraction with little change in frequency". They concluded that postural tremor in most patients with Parkinson's disease was a type of enhanced physiological tremor seen as a manifestation of the cogwheel phenomena. Teräväinen and Calne 17 expanded on this finding when they recorded an "action tremor" of between 6 and 9 Hz in 26 of 36 patients with Parkinson's disease triggered by voluntary contraction of the biceps muscle. They concluded that the action tremor in these patients resulted from oscillation in an internal feedback circuit triggered by voluntary movement and that "resting and action tremor in parkinsonism share similar pathophysiologic properties". Others have argued that the postural tremor of Parkinson's disease was related to clonus and rigidity. 18 19 The finding that one type of postural tremor in Parkinson's disease occurs after a delay of a few seconds suggests that, by contrast with essential tremor, this form of tremor, although centrally driven, is influenced by peripheral feedback. Microelectrode recordings have identified cells firing at rest tremor frequency in the contralateral ventrolateral thalamus 20 and the globus pallidus internus. 21 Neuronal discharges in these structures are markedly influenced by sensory input. It is, therefore, possible that sensory feedback generated by repositioning of the limb from rest to the outstretched posture or into the wing beating position briefly and transiently desynchronises the thalamic or pallidal discharges, which accounts for the delay in the appearance of the postural tremor. The critical role of these structures in the generation of rest tremor and postural tremors is supported by the finding that both types of tremor are improved by pallidotomy 21 and by high frequency stimulation of the thalamus. 22 In this study we provide evidence that patients with Parkinson's disease have at least two types of tremor present during a maintenance of posture: with and without latency. We postulate that the postural tremor without latency, seen in a third of our patients with Parkinson's disease, represents either enhanced physiological tremor 16 or coexistent essential tremor, 5 23 24 whereas the Parkinson's disease postural tremor occurring after a latency, seen in the other two thirds of our patients with Parkinson's disease, represents a re-emergent rest tremor. The second hypothesis is supported by the finding that the re-emergent tremor has a frequency similar to that of Parkinson's disease rest tremor. Furthermore, all our patients in whom levodopa improved rest tremor reported that levodopa also improved their re-emergent postural tremor. As the primary aim of this study was to characterise physiologically reemergent tremor, we did not match the groups for amplitude (severity) of tremor and we did not objectively assess the response of this tremor to dopaminergic therapy. The response of postural tremors to pharmacological manipulation, however, should be explored in future studies. In this regard, it is noteworthy to point out that the UPDRS refers only to "tremor at rest" and "action or postural tremor of hands", but it does not specify which "action" tremor should be rated. As the latency is not often found without accurate measure-ments, many clinicians consider the reemergent tremor as postural tremor. Future studies should seek to determine the incidence and prevalence of re-emergent tremor and attempt to identify demographic, clinical, physiological, and pharmacological variables that predict the occurrence and severity of this type of tremor.
